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Abstract 
     This thesis explores the many processes and steps that are necessary to successfully and justly 
remediate and redevelop brownfields in communities in the United States and elsewhere in the 
world. Remediation and redevelopment of brownfields is a complex multi-step process. The 
primary objective of this thesis is to identify and articulate a comprehensive accounting of the 
processes and steps required for successful and just remediation and redevelopment projects in 
order to improve conditions in blighted communities and enhance the welfare of the people who 
live in them. 
     The thesis covers what brownfields are and why they are important; identifies and examines 
in detail the process involved in brownfield remediation and redevelopment which includes 
identification, removal of barriers (lack of funding, stakeholder engagement, lack of policy and 
support, etc.), and technical remediation which is a four-step process that covers types of 
contaminants, remediation techniques, and site histories; the redevelopment process that covers 
an analysis of community engagement and participation, the issue of environmental 
gentrification, policy, and the benefits of remediation and redevelopment of brownfields. The 
thesis concludes with recommendations for policy and incentives to stimulate just, and 
successful brownfield remediation and redevelopment projects.  
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Introduction 
 
      Brownfield sites are silent scourges on communities and have, up to this point in 
environmental history, not received the attention that is necessary to rectify the damage done by 
these blights. Brownfields are sites that are typically abandoned and are assumed to have some 
level of environmental contamination. In the United States alone, there are over 600,000 
contaminated sites with toxic chemicals adversely affecting thousands upon thousands of 
families in more ways than one (Page 1997). Brownfields adversely affect several aspects of 
communities. These sites impact the economy of a neighborhood, the housing market, and public 
health. Brownfields are also increasingly associated with communities of color which has not 
only disproportionately affected people of color, but has also led to the coining of the terms 
“environmental racism” and “environmental gentrification” (Essoka 2010). Both of these ideas 
play a large role in the process of remediating and redeveloping a brownfield site successfully, 
especially with respect to social issues regarding brownfields.  
     This thesis explores the many processes and steps that are necessary to successfully and justly 
remediate and redevelop brownfields in communities in the United States and elsewhere in the 
world. Remediation and redevelopment of brownfields is a complex multi-step process with a lot 
of room for error. The primary objective of this thesis is to identify and articulate a 
comprehensive accounting of the processes and steps required for  successful and just 
remediation and redevelopment projects in order to improve conditions in blighted communities 
and enhance the welfare of the people who live in them. 
     The discussion begins with a definition of what brownfields are and why they are important. 
Specifically, this thesis examines why they are important enough for communities, policy 
makers, and governments to care about and to take strong and specific action to combat the 
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growth of brownfields and to remediate and eliminate the threat of brownfields. The thesis then 
goes on to identify and examine in detail the four steps involved in brownfield remediation and 
redevelopment. The first step in the process is considered the identification phase. This includes 
acknowledging that there is an environmental and public health problem that needs to be 
resolved. Given the regulatory nature of brownfield remediation, government officials must 
formally acknowledge the brownfield and this typically happens in the identification phase. Once 
identified, the process shifts to step two, the identification and removal of barriers. There are 
many barriers that make remediation and redevelopment incredibly difficult. Barriers include, 
but are not limited to, lack of funding, lack of community engagement and/or approval 
depending on the plans for the site, lack of accountability, lack of economic stakeholders, fear of 
displacement within communities, and lack of policy and government support. These are only a 
few of the many barriers which can cripple a remediation project and prevent any and all 
progress in this field. This step could be and often is the longest and most tedious stage of the 
process, and can be incredibly frustrating for those involved. It is important, specifically in this 
phase, to have strong supporters in all areas of the project from the community members to 
contractors to local businesses and political leaders. 
     Once the identification and barrier removal phases are complete, the project enters the 
technical remediation phase, step three. This is a multi-step process. Remediation requires a 
detailed assessment of records and is often time-consuming since the site needs to be thoroughly 
analyzed for site history, types of contaminants, and depth of contamination. This process needs 
to be done in accordance with local and national policy and regulations which are discussed in 
depth in this paper. Local and national policies are often at odds with one another, often 
hindering the remediation process. Within this remediation phase there is also the matter of 
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which of the many remediation techniques will be used, which is often based on the budget of 
the project and the breadth of contaminants on site. During this process, effective and constant 
communication with community members is essential to a successful project considering mid-
project arguments can oftentimes arise due to lack of transparency and communication between 
community members, contractors, political leaders and their constituents, and monetary 
stakeholders.  
       Once remediation is complete, the redevelopment phase commences which comes with its 
own array of issues. Community engagement and participation in what redevelopment looks like 
is incredibly important and crucial for a just and fair redevelopment process. Within this phase, 
the issue of environmental gentrification plays a significant role since redevelopment often leads 
to community displacement which is something that successful redevelopment plans should 
attempt to avoid. Local government can and should update their regulatory to prevent 
communities from falling prey to the potentially negative effects of induced gentrification often 
associated with brownfield redevelopment. At this point in the redevelopment process, a detailed 
examination of the benefits of remediation and redevelopment in communities is necessary to 
stimulate other projects in affected communities. These projects can include, but are not limited 
to, supporting sustainability education within local communities and schools, incentivizing green 
buildings that will benefit communities monetarily and health-wise, and stimulating more 
progressive policy changes.  
     This thesis concludes with a summary of the steps and processes necessary for a brownfield 
site to be successfully remediated and redeveloped. The concluding section also sets out a 
number of recommendations for consideration in the United States and elsewhere to improve the 
remediation process and enhance the long-term sustainability of brownfield redevelopment 
7 
 
projects. These suggestions will include policy recommendations, the inclusion of more 
incentives for businesses and contractors to get involved in brownfield sites, as well as 
suggestions for sustainable education and green building post-redevelopment so as to prevent 
future contamination.  
Brownfield Definition and Why They Are Important 
 
     Many different types of locations can be considered as brownfields. Brownfields are any 
abandoned structure, land, or property that may be impacted by contaminants that range from 
organic to hazardous waste (Greenberg et al. 2000). Brownfield sites can have varied site 
histories such as landfills, factories and warehouses, abandoned trains and tracks, gas stations, 
housing complexes, and dumping grounds (Greenberg et al. 2000). Vision 3, a New York City 
initiative, defined brownfields as “…chronically vacant or underutilized contaminated land” 
(City of New York 2015, 194). New York City  alone has over 3,000 commercial brownfield 
sites and over 7,000 residential properties within the five boroughs that require environmental 
remediation (City of New York 2015). Brownfields can be incredibly destructive in communities 
and negatively affect the housing market of the area, the economy, and the public health of 
residents. Brownfields also disproportionately affect communities of color creating a system of 
environmental racism. Bullard (1994) defines environmental racism as “…any policy, practice or 
directive that differentially affects or disadvantages (whether intended or unintended) 
individuals, groups, or communities based on race or color.” Environmental racism has been 
created and upheld by economic, government, legal, and political systems (Bullard 1994). A 
specific type of brownfield site, called “temporarily obsolete abandoned derelict sites” 
(TOADS), can include contaminated buildings or land that have polluted or are suspected to 
have polluted the local environment. TOADS lower property values, affect the selling and 
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purchasing of property, and often require local government intervention when a community 
becomes partially abandoned (Greenberg et al. 2000). People who are left within communities 
like this are often the poorest and most vulnerable to environmental hazards and the 
contamination coming from the brownfield site. Brownfield sites are a silent threat to 
communities and should be seen as a national threat to the health and survival of the American 
people.  
     Brownfields are most often associated with low-income communities with dwindling property 
values and little-to-no housing market activity. In a case study from New Jersey, of forty-six 
TOAD sites, thirty-one had property value impacts extending beyond one-quarter of a mile from 
the brownfield site (Greenberg et al. 2000). At these locations, banks had redlined the site and 
the community, refusing to get involved financially due to the belief that it had no economic 
promise of return. Lack of economic funding led to more abandonment and more brownfield 
sites. Developers were not interested in redevelopment and remediation unless substantial tax 
breaks were involved and so the infrastructure and community fell further into decay. Brownfield 
sites are not safe to be used for recreational or residential purposes, and industrial contractors 
generally refuse to touch sites for fear of being responsible for clean-up costs. The residents are 
already low income families that can barely afford to live within these communities and 
additionally need to pay heavy property taxes to make up for the unused brownfield sites which 
contribute to community poverty (Greenberg et al. 2000). The economic state of communities is 
an important factor in the need for brownfield remediation and redevelopment.  
     Brownfield sites are disproportionately present in low income and minority communities 
since minorities and low-income families will have a more difficult time affording to move away 
from areas being affected by the economic issues that come with brownfields. A study done in 
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Baltimore, Maryland, shows communities with brownfields have over eighty percent of their 
population being minorities, over sixty percent of the community living below the poverty line, 
over forty-five percent have less than a high school degree, and over seventy-five percent of the 
residents being part of the working class (Litt, Tran and Burke 2002). Figure 1 shows the results 
of the Baltimore case study on a map of the city, with the flags representing brownfield sites. 
This data shows how brownfields are specifically affecting those in the working class and 
communities of color who cannot afford to move away from environmental hazards like 
brownfields. In a case study conducted in New Jersey, the areas with the most severe brownfield 
sites had the poorest populations, the least expensive housing, and the most minority populations 
while the communities that were least affected by brownfields were mostly well-off, with a 
thriving housing market, and predominantly white (Greenberg et al. 2000). These results are 
consistent among American brownfields, and all over the country minority populations are 
suffering from brownfields and the effects of environmental racism.  
 
Figure 1 : Spatial display of socioeconomic trends in Baltimore City. Source: Figure 2 in Litt, Tran, 
Burke 2002 
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   Oftentimes the presence of a brownfield creates a chain reaction. Abandoned properties 
become hubs for illegal activities and the dumping of more hazardous waste, further contributing 
to the contamination issue. This leads to more residents leaving and more property abandonment 
and more potential brownfield sites (Greenberg, Lee and Powers 1998). Communities with 
multiple brownfield sites are known to have higher rates of AIDS, homicide, infant mortality, 
teenage pregnancy, and tuberculosis (Greenberg, Lee and Powers 1998). In the Baltimore study 
where brownfields are rampant, sixty-eight percent of the contaminants found on-site cause 
respiratory illnesses like lung cancer and pneumonia; sixty-six percent of those contaminants 
cause neurologic disorders (Litt, Tran and Burke 2002). Residents living less than a mile from a 
brownfield site were twenty-seven percent more likely to get cancer, thirty-three percent more 
likely to get lung cancer, thirty-nine percent more likely to have respiratory illnesses, and twenty 
percent more likely to die of diabetes, stroke, COPD, heart disease, influenza, or pneumonia 
(Litt, Tran and Burke 2002).  
     Toxicity at brownfield sites is a crucial part of why they are so important and why 
remediation is essential. The statistics above show how dangerous and harmful contaminants at 
these sites can be. There are many pathways in which toxic chemicals can affect human health. 
Direct contact with contaminants through ingestion of contaminated food or water, inhalation, or 
dermal absorption can cause poisoning or slow mutations leading to cancer and other diseases 
(Page 1997). Airborne exposure typically occurs through hazardous waste explosions and fires, 
though hazardous gases can flow through pipes and structures which can be inhaled and cause 
respiratory illnesses and cancer. Trace contamination in soil and water can travel through  
precipitation runoff, but can only cause serious harm when directly ingested or there are high 
volumes of contaminants present. The most dangerous pathway that poses a risk to human health 
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is contamination of potable drinking sources. If contaminants percolate into groundwater, this 
can affect thousands of people miles away from a brownfield site through our drinking water 
(Page 2002). Indirect poisoning can also occur if residents ingest plants that have been cultivated 
in contaminated soil. Toxicity and pathways of contamination show that there are various ways 
for brownfield contamination to affect human health.  
     Falling economic standards, environmental racism, and public health issues are three very 
important reasons why brownfields are a national threat to public safety and the success of our 
communities. The threat of a spread in economic collapse and property abandonment in 
communities can drastically affect our overall economy and should be a compelling factor in 
revitalizing brownfield remediation and redevelopment projects nationwide. Environmental 
racism is occurring at alarming rates within brownfield communities and minority populations 
are at risk for not only continued poverty, but increased risk of death and disease as seen in the 
Baltimore City case study (Litt, Tran, and Burke 2002), the Perth Amboy case study (Greenberg 
and Lewis 2002). Brownfield sites hold the potential to not only affect the individuals living in 
their vicinity but also thousands of others within a given radius through water and soil 
contamination. Understanding why brownfields are important and what is as stake is essential to 
any organization, company, or community that hopes to begin a process of remediation. The next 
section of this thesis will discuss the many barriers that may prevent the beginning and the 
completion of a successful brownfield remediation and redevelopment project.  
Barriers to Brownfield Remediation and Redevelopment 
 
     There are many barriers to remediation of brownfields that can be perceived as outweighing 
the benefits of remediation and redevelopment. On the one hand, private businesses and 
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contractors are wary of liability, costs, and strict guidelines of often associated with brownfield 
remediation and redevelopment. On the other hand, communities are suffering from toxic 
contaminants and falling economic standards. A study conducted in the Greater Toronto Area 
showed what individuals in the private sector thought were the motivating factors and obstacles 
in brownfield remediation and redevelopment (De Sousa 2000). See Tables 1 and 2 for the 
results of this study. 
   
 
Table 1: Interviewee 
responses: motivating 
factors for brownfield 
redevelopment. Source: 
Table 3 in De Sousa 2000. 
Table 2: Interviewee 
responses: Obstacles 
to brownfield 
redevelopment. 
Source: Table 4 in De 
Sousa 2000. 
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As seen by the obstacles shown above in Table 2, one of the largest barriers to remediation and 
redevelopment in Toronto is cost. Remediation is an incredibly expensive process and is often 
more expensive than a given property is actually worth. This factor is also important to consider 
as a prominent obstacle because redevelopment and remediation is first and foremost an 
investment, and stakeholders do not want to invest with uncertain prospects concerning potential 
return. These are lengthy and complex projects that are ultimately limited by the funds available 
for the project. In addition to cost, some of the other important obstacles to acknowledge are 
liability concerns, complex and confusing policies and remediation requirements, lack of 
government incentives, and the lack of public approval from communities. Once stakeholders 
invest in Toronto, and work commences on the site, those contractors, developers, and 
stakeholders are held liable for any other contamination or threats to human health that occur on 
site. This is a large deterrent for many companies because liability comes with costs (such as 
insurance), and it comes with the possibility of a damaged reputation from a failed remediation 
and redevelopment project. Liability concerns ultimately become monetary concerns since 
liability imposes financial costs. Liability concerns and cost concerns can be slightly alleviated if 
given more opportunities for government incentives for brownfield projects which seems to be 
another deterrent for stakeholders in Toronto. Government support and incentives make the 
project easier and alleviate some of the burden of cost and liability which are the largest 
obstacles to redevelopment projects in Toronto. Lack of community support is another important 
obstacle to consider in the Greater Toronto region. Lack of support for the project and negative 
attitudes towards redevelopment can cause conflict and end the project. These obstacles will be 
discussed in further detail below.  
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     As for the motivating factors in the Greater Toronto area, the ones that stood out the most in 
the data were maximization of profit, minimizing liability, adherence to environmental 
regulations, protection of public health, and revitalization of urban cores. These factors are what 
motivates the private sector to get involved in brownfield redevelopment projects. De Sousa 
believes that if these motivating factors are capitalized on, the private sector will become more 
involved and invest more in remediation and redevelopment projects. This can be achieved by 
creating more government incentives that minimize liability concerns, capitalizing on profit post-
redevelopment, and making community struggles with public health concerns more public and 
more personal (De Sousa 2000).    
     The challenges arising from the data in the Greater Toronto area can also be seen elsewhere, 
specifically the obstacle of cost. As seen in Toronto, stakeholders do not want to invest in 
brownfield projects because of the overwhelming costs and uncertain profits made. It is typical 
of brownfield sites that the cost of remediation is greater than the value of the property itself.  
     For example, at a brownfield site in St. Louis, Missouri, a private company spent $26.25 per 
square foot to remediate when the property was worth only $2.00 per square foot (Bartsch and 
Collaton 1997). The city of St. Louis spent over $7.6 million to remediate a fifty-acre industrial 
park, which equates to $6 per square foot, when the space was actually valued at $1.50 per 
square foot. This discrepancy in value is a large disincentive for investors since they don’t know 
if they will ever get their money back in profits since property value and economic stability of 
communities post-remediation are never guaranteed (Bartsch and Collaton 1997).  
     This issue of cost is evident at all brownfield redevelopment projects all over the world, and 
cost is only expected to rise in the coming years considering contamination is getting worse the 
more sites are neglected, costs of technology and labor are increasing with inflation, and 
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regulations are just getting stricter nationally and internationally (Page 1997). In the United 
States alone, it is estimated that remediation costs for the next thirty years will range from $400 
billion to $1.7 trillion dollars (Page 1997). These costs are astronomical and currently, the 
private sector is not capable of bearing the burden of these costs alone. There will need to be 
government intervention and incentives to encourage stakeholders to invest in these projects. 
Since the private sector is primarily concerned with profit and cost-to-return ratio, remediation 
and redevelopment projects must be worth the investment (Bartsch and Collaton 1997). 
However, cost is only one of the major barriers to getting a strong stakeholder base for 
remediation and redevelopment.  
     The other major barriers seen by the private sector were liability and complex policy/contract 
regulations. It is incredibly difficult to remediate a site properly and contractors and businesses 
do not want to be involved in a long, complex situation that has heavy legal repercussions if even 
the slightest mistake is made. Contracts and liability clauses put all the clean-up expenses and 
costs of fines on the contractors. This does not include loss of profits or other costs that might 
arise in the middle of the remediation process such as the identification of additional 
contaminants or greater depth of contamination than originally suspected. Local government 
rules and regulations must be adhered to for clean-up requirements which are different per state, 
meaning that some states have “cleaner” requirements than others. There needs to be a burden of 
proof regarding all contaminants on site for public records, which gives a paper trial of all 
activities on site which can be difficult since records can be hard to locate. With extensive 
contracts like these that incorporate clauses that can be almost impossible to adhere to, 
contractors, businesses, and banks are not keen to be involved in these “money losing” projects 
(Bartsch and Collaton 1997).  
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      In the case of the St. Louis example mentioned previously, due to liability issues, forty-three 
percent of small businesses stopped loans to companies associated with contamination projects 
and another eleven percent of companies intended to limit spending and loans to contamination 
projects (Bartsch and Collaton 1997). This practice is called brown-lining and has become 
increasingly more popular. Brown-lining describes a process whereby lenders and developers 
avoid doing business with any projects that have environmental risks and liability. This practice 
is a major threat to brownfield remediation and the communities affected by serious health risks 
associated with contamination. Brown-lining and lack of stakeholder engagement comes from 
serious flaws in government policy regarding brownfield remediation and redevelopment.  
     In the United States there are currently no universal remediation guidelines for the country as 
a whole. Every state has different rules and regulations regarding the level of “cleanliness” a site 
has to attain which is both difficult for developers to keep track of and alarming for communities 
living in states that have a less stringent approach to remediation. A universal plan of action 
would make it easier for contractors and developers to get involved, and the process would be 
more clear-cut which would make for fewer surprises once work commences. A lack of universal 
policy regarding remediation also minimizes incentives for stakeholders. Incentives such as tax 
breaks, reduction of risk and liability, and funding grants could encourage more companies and 
individuals to get involved in remediation sites. With incentives, more concrete and universal 
regulations, and more support from local and federal governments through grants and public 
support, more stakeholders would invest in contamination remediation at brownfield sites which 
would help to improve rates of successful remediation. 
     Besides cost, stakeholder investment, lack of policy, and government support, brownfield 
remediation and redevelopment face another major challenge and it comes from within the 
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communities being affected. Community involvement and support for brownfield remediation 
and redevelopment are key to a successful project. It may seem strange that the community 
members being affected by the contamination of brownfields would be a barrier to removing the 
blight, but the issue has more to do with fear of change and having to trust outsiders rather than 
not wanting to remove the contamination.  
     Brownfield redevelopment has the potential to completely change a community – for better or 
for worse – depending on what the site becomes post-redevelopment. As Bartsch (2003) puts it 
in his essay, “…redevelopment can either have a galvanizing effect on a community, or it can 
drive wedges of division and disharmony right through them.” Community involvement is 
essential to a successful project since the power of community members can stall or delay 
projects for years upon years if the project is not part of their “community vision” (Bartsch 
2003). This community vision is what fuels the community’s voices. They want what is best for 
their own community and only they know what they need. This tension between community 
members and developers or between community members and community members can be a 
major barrier for remediation and redevelopment efforts. Community members are vital 
resources that developers and other stakeholders should seek to cooperate with since they can fill 
in vital gaps of information such as site history, and can help gather more support and assistance 
from local governments.  
     Transparency is the most important aspect of the relationship between community members 
and developers. and with transparency and constant communication this barrier can be dissolved. 
Community members are often fearful of change and are reluctant for their community to change 
for fear that circumstances could get worse (Bartsch 2003). As mentioned above, most of 
communities affected by brownfields are predominantly communities of color. This factor brings 
18 
 
another level of fear of change to community members. One of the worst effects of remediation 
and redevelopment is gentrification and minority displacement. Curran and Hamilton (2012) 
define environmental gentrification as capitalism’s appropriation of communities for high-end 
redevelopment projects that displace low income residents. Remediation and redevelopment 
make the community more attractive which makes real estate more expensive which pushes out 
people of color (Curran and Hamilton 2012; Essoka 2010). The fear of being displaced may be 
greater than the fear of contracting serious illnesses from the contamination. Environmental 
activists believe that community members shouldn’t have to make the choice between their 
homes and their health (Essoka 2010). With more awareness on the issue, local policy has been 
adapting to protect the rights of community members post-remediation (Curran and Hamilton 
2012). This allows community members to focus more on their community vision rather than the 
fear they have of being displaced.  
      Community members will buy into and support remediation and redevelopment projects as 
long as they are involved in the process and are able to contribute their community vision. 
Communities want safer, cleaner, and healthier spaces to live and remediation will give them 
that. However, communities also want their new spaces to identify with them and not lead to 
gentrification and displacement of their culture. A community vision typically involves and 
embodies the values of the community. Their vision shows what their ideal community and 
spaces look like. This is especially important if developers want community support.  A study 
conducted in Perth Amboy, NJ, shows what residents in an area affected by brownfields would 
prefer the space to be used for once remediation is over (Greenberg and Lewis 2000). Results 
from the study tie into community vision and developers and stakeholders should consider 
factors like these when working on a brownfield project if only for the purpose of creating fewer 
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obstacles. Table 3 displays what community members in Perth Amboy would like to see post-
redevelopment. Many barriers can be resolved justly and efficiently as long as there are updated 
policies in place to aid potential brownfield remediation sites, there is transparency within 
communities affected by brownfields, constant  communication between developers and 
community members, and there is the support of the local government and policymakers. Once 
these barriers are addressed and resolved in an efficient and just manner, the project enters the 
more technical remediation stage where identification of contamination, contamination history, 
site assessment, and techniques of remediation are evaluated.   
    
 
Steps for Brownfield Remediation 
 
     According to the Ministry of the Environment and Energy (MEE) in Ontario, Canada, there is 
a four-step generic process that should be followed at every potential brownfield site. This 
generic process can then be made more detailed through the identification of specific problems at 
a given site. The four-step process is outlined as follows: the first step is site assessment which 
Table 3: Respondent future-use preferences. Source: Table 2 in Greenberg, and Lewis 2000. 
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involves the gathering of information and identification of potential contamination; the second is 
sampling and analysis to confirm or deny contamination; the third is formulating a remedial 
work plan that properly restores the site to a more appropriate condition using various 
remediation techniques; and the last is completion which involves finalizing paperwork and 
updating all the information from the previous three steps (Government of Ontario 1997). This 
generic approach allows important attributes of the brownfield site to be evaluated so that no 
stone goes unturned. The attributes evaluated are land use (former and future), restoration of 
groundwater quality (potable and non-potable), depth of soil contamination and restoration 
needed, and soil texture condition and restoration (Government of Ontario 1997). The purpose of 
this process is to encourage restoration to healthy conditions where the integrity of air, water, 
and land near the site is maintained, and to ensure that the contaminated site post-remediation no 
longer has adverse effects on the community and ecosystems (Government of Ontario 1997).  
     Restoration of groundwater quality (potable and non-potable) is essential to ensure protection 
against exposure from volatile chemicals, and protection for aquatic receptors in surface water 
which affect our drinking water. This aspect of the criteria ensures human health cannot be 
adversely affected through our drinking water. This criterion created by the Government of 
Ontario is a good foundation for following the steps required to complete a successful 
remediation and redevelopment project. 
Identification and Site Assessment  
 
     Identifying brownfields and the site assessment are the first step in the brownfield 
remediation process. If a site is not identified and contamination is not reported to local 
government, community members, or stakeholders, then remediation and redevelopment are not 
possible. One method of identifying brownfield sites was created in Austin, Texas, on the basis 
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of environmental factors and the use of a multi-focused data base (Bartsch and Collaton 1997). 
Some identifying factors include the site being located: in a distressed neighborhood, in an area 
of historical significance, near infrastructure that is desired or valuable, or in an area popular 
with developers. These criteria are used to identify sites that have been or are at risk for 
contamination and that are or could be easily remediated and redeveloped due to their potential 
value (Bartsch and Collaton 1997).  
      Similarly, Ontario, Canada, has identifying factors that help pinpoint potentially sensitive 
sites in need of intervention which include areas containing a nature reserve, areas identified as a 
resource management site, areas of scientific or natural interest, areas containing a fish habitat or 
a habitat of vulnerable or endangered species, or areas containing a wetland or provincial park. 
Additional criteria that allow the site to be considered sensitive are if the site only has two meters 
of soil or bedrock in the contaminated areas,  if the site has inorganic chemical parameters 
exceeding the safe amount outlined in the Ontario guidebook, or if the pH in surface soils falls 
below five or exceeds nine, and for subsurface soils the pH exceeds eleven (Government of 
Ontario 1997).  
     Another method of identifying brownfield sites is with the use of a multi-focused database 
that can project unemployment (growth and loss), population fluxes, demographic information, 
and environmental regulation changes which are good indicators of contamination and 
brownfields in communities (Bartsch and Collaton 1997). For example, as discussed in the first 
section of this thesis, there are certain demographic factors that are typical of brownfield sites 
and the communities that are affected by them. There are statistically more people of color 
located in communities affected by brownfields, higher unemployment rates, lower numbers of 
individuals who have pursued higher education, and a large outflux of affluent community 
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members and a large influx of less privileged individuals. These indicators can be tracked with 
multiple databases which, if properly monitored, can track potential brownfield sites and 
communities affected by brownfields.  
     The identification process includes getting as much information as possible on the site 
history, contaminants past and present, and inspecting liability concerns and other health risks to 
the community. The Federal Deposit Insurance Corporation (FDIC) has outlined a series of 
essential items for lenders and stakeholders to investigate in their structured environmental risk 
assessment which were outlined in Bartsch and Collaton’s 1997 book. This assessment includes 
determining past owners and the uses of the property, inspecting the site and possible contiguous 
parcels that have potential contaminants, reviewing historical records from the presence and use 
of hazardous materials, and discovering potential violations on site (Bartsch and Collaton 1997). 
Once an in depth analysis of site histories and potential contaminants present is complete, the 
identification process and step one of remediation is complete.  
Sampling and Analysis 
  
     Step two, defined by Ontario’s MEE,  is the confirmation of information found in step one 
through sampling and analysis. Sampling is an essential part of discovering contaminants and 
evaluating site histories. The government of Ontario has specific guidelines on sampling sites 
that help to perform diagnostics that are as accurate as possible. To establish local background 
conditions within the communities affected by brownfields, a detailed sampling program is 
required in Ontario. A  minimum of thirty separate sites must be sampled from at least ten 
different geographical locations. A minimum of two replicate samples must be taken at each of 
the sites (thirty minimum). These sample sites must be in areas around the brownfield site and 
cannot be taken from any site known to be contaminated. This ensures accurate results on how 
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far contamination has spread from the site, if it at all (Government of Ontario 1997). This 
sampling process establishes the ninetieth percentile of the analytical concentrations of the 
chemicals and contaminants found in the soil, and becomes the foundation of information 
regarding contamination depth and history. This information is especially important when 
developing a plan of action for remediation (Department of Ontario 1997). Another process that 
helps identify contaminants and helps with the identification process is ground-penetrating radar 
which is a cost effective way to test soil  and discover site histories (Page 1997). The sampling 
process gives insight into the site histories, depth of contamination, and types of contaminants 
present.  
      One of the most common histories of larger brownfield sites involves past military and 
defense facilities. The U.S. Department of Defense has identified over 14,000 sites since the late 
1990s that have been contaminated and require some level of cleanup (Bartsch and Collaton 
1997). These sites were contaminated by storage areas holding hazardous materials, underground 
storage tanks, landfills, spill sites, waste treatment plants, unexploded ordnance, and chemical 
explosives. Unexploded ordnance and chemical explosives built by the military are incredibly 
costly and difficult to cleanup (Bartsch and Collaton 1997).  
      In a case study conducted in New Jersey, fifty percent of the 450 brownfield sites sampled 
were attributed to landfills (Greenberg et al. 2000). Forty-nine percent of those sites were old or 
current factories. Of all the sites, thirty-one percent of the sites were zoned commercial 
properties, ten percent were residential, and the other fifty-nine percent were attributed to 
government owned properties. A majority of brownfield sites were previous landfills which have 
caused the majority of contamination present at brownfields. Government owned properties 
make up the majority of brownfield sites suggesting that government projects are causing 
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contamination and their waste management processes are not up to par. Knowing what industries 
and groups cause the majority of contamination and are attributed to the creation of brownfields 
can help create targeted policy and awareness reform.  
     Another important part of the sampling and analysis process is public communication. The 
government of Ontario has required that all developers must communicate often and effectively 
with community members during brownfield remediation and redevelopment projects. The 
proper protocol dictates that communication must begin once contamination is identified and 
certain. This usually is directly after sampling is complete and the results have proven that there 
is significant contamination on site and within the community to warrant remediation.  
      The Canadian Department of Environment and Energy suggests a public forum be held to 
ensure that all community members have the ability to be involved (if desired), and that all 
communication and information is given at the same time and there are no possibilities of 
spreading false information (Government of Ontario 1997). The public forum is primarily 
intended to relay important information about contaminants and public health and for the 
community to ask questions and provide input. After the forum and as assessment continues and 
remediation begins, developers need to find ways to communicate information properly and to 
ensure that all community members know what is happening. The following methods have been 
suggested by the government of Ontario to do this: posting a notice on the property, advertising 
in local newspapers, delivering flyers door to door, using phone bank services to communicate 
directly with community members, placing materials in local businesses and libraries, holding 
additional forums and meetings throughout the process, and establishing a community liaison to 
be in charge of relaying information (Government of Ontario 1997). These methods can help 
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build relationships with community members and help them feel involved in the process that 
affects their home and community. 
     Types of communication vary depending on the need for community members to know 
information and the type of work that is necessary for remediation. Some remediation techniques 
and contamination risks are minimal and require that only a small number of people know about 
them. Others are large-scale remediation projects with high risk liability to human health and 
which involve techniques and practices for remediation likely to inconvenience community 
members and require more thorough and constant communication. The government of Ontario 
has come up with suggested forms of communication for various scenarios. For sites that require 
remediation for contamination that has not spread, the suggested form of communication is to 
post a sign outside of the site and to inform the adjacent neighbors of work being done. For work 
that affects potable sources of water, there should be a sign posted, the community and 
municipality should be warned and informed, and notification should be posted at the site, in the 
community, and in local newspapers. For stratified remediation (described a later in the thesis), a 
notification to adjacent landowners and community should be posted. For remediation to non-
potable groundwater, a sign outside of the site is sufficient. For any sites that have any degree of 
health risk associated with contamination, the community, adjacent landowners, and 
municipality should be aware and signs should be posted on site and within the community. For 
any brownfield sites that pose serious health risks such as cancer, respiratory illnesses, and so on, 
the local government should be made aware as well as community members through signage and 
local news coverage. Increased communication throughout all these scenarios will be even more 
effective and beneficial to the community. These scenarios are only a few examples of what 
should be done depending on the severity of the situation and degree of risk to communities 
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associated with a particular project. Communication between community members and 
developers can greatly influence the risk assessment process and allow assessment to go more 
smoothly (Government of Ontario 1997).  
     Analysis and Sampling that occurs in the second step of remediation confirm contamination 
as well as give insight on what contaminants are present. Specific contaminants affect public 
health differently and require different remediation techniques (which is step three). Specific 
contaminants are associated with certain site histories and industries. It is incredibly valuable to 
analyze the industries that cause the most contamination which can be seen through analyzing 
site histories. In Toronto, a study was done to evaluate brownfield sites’ former use and do a side 
by side comparison post-redevelopment with its current or proposed use (De Sousa 2000). The 
brownfield sites evaluated in that study were geographically spread across the city of Toronto 
and had varying uses that caused contamination (De Sousa 2003).  
      Table 4 shows the side by side comparison conducted within this study on a few of the sites 
to demonstrate the varying histories of brownfield sites and their progression to productive and 
healthier spaces. According to information in the table, some of the site histories in Toronto, 
include many industrial sites that once held machine shops, warehouses, ship building, weapon 
manufacturing, transit maintenance, garages, brick building, and petroleum refining plants. One 
site held facilities for testing chemical such as polyresins. Others were dumping sites for 
municipal ash, garbage, cinders, dredge, and disposal cells containing hazardous waste. 
Specifically, the sites with dredge and hazardous waste from incinerators and weapon 
productions can take hundreds to thousands of years to remediate fully which is an incredibly 
costly process (De Sousa 2003). For example, heavy metals like lead and mercury are chemicals 
that never degrade. Highly toxic radionuclides like plutonium, which comes from weapon 
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production and nuclear waste, has a half-life of 24,100 years. These nuclides can bioaccumulate 
in the food chain due to their long half-life, and humans and animals can ingest them causing 
health hazards and possible genetic mutations (Page 1997).  
 
 
    In Baltimore, a case study was conducted on brownfield sites city-wide and came up with the  
ten most frequent industrial sites that become brownfield sites or cause heavy contamination 
Table 4: Brownfield-to-green space projects. Source: Table 1 in De Sousa 2003. 
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(Litt and Burke 2002). Those ten are: chemical manufacturing; fabricated metal products; 
railroad transportation; food products; primary metal production(iron, copper, steel, etc.); 
wholesale trade and durable goods; stone, clay, glass, and concrete; car repair and services; and 
commercial machinery (Litt and Burke 2002). At these sites, heavy metals such as lead, 
cadmium, chromium, and zinc were found, together with solvents such as methylene chloride, 
polycyclic aromatic hydrocarbons like naphthalene, benzene, and plasticizers. These 
contaminants, especially polycyclic aromatic hydrocarbons (PAHs) are carcinogens and 
incredibly dangerous to human health (Litt and Burke 2002). Another study conducted in 
Baltimore by Litt, Tran, and Burke (2002) evaluated the top ten chemicals found at these 
brownfield sites based on hazard and chemical persistence. Table 5 displays the top ten 
chemicals found at brownfield sites. The results show what chemicals Baltimore residents have 
been most exposed to at brownfield sites which gives information regarding site history, risk 
assessment, and toxicity.  
  
      Across the United States, there are over 600,000 brownfield sites seeping contamination into 
communities that have very different site histories.  A study conducted by the United States 
Superfund program in 1993 surveys all brownfield sites that they were aware of in the United 
Table 5: Rank of top 10 chemicals based on hazard and chemical persistence information.  
Source: Table 4 in Litt, Tran, and Burke 2002. 
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States and categorizes them into site histories and types of contamination (Page 1997). The study 
gives an overview of the what the problem areas are in the U.S., and evaluates which industries 
are causing the most damage and which contaminants are the worst threats to our communities 
(Page 1997).  
     Page determined that most contamination occurs from the gradual release of toxins through 
leaks and discharge over a long period of time rather than during a single event (Page 1997). 
Mining produces large amounts of toxic waste and ninety-five percent of the waste produced 
from mining contains heavy metals which account for three percent of the country’s total 
contamination. The U.S. Department of Defense has taken responsibility for over 18,000 sites in 
the U.S. that have contaminated soil and water. The U.S. Department of Energy has taken 
responsibility for over thirty percent of the country’s most seriously contaminated sites from 
nuclear energy and waste (Page 1997). Organic chemicals such as polycyclic aromatic 
hydrocarbons make up over sixteen percent of the contamination in the U.S. Organic 
contamination is most common due to the natural occurrence of these chemicals in our 
environment and the popularity of items that contain them such as pesticides, fertilizers, coal, 
and petroleum. These contaminants can be further spread through vegetation and consumption 
through the food chain and potable drinking water. The spread and uptake of contaminants have 
a lot to do with soil texture. Texture influences the availability of contaminants which have 
adhered to soil particles. Coarse soil particles allow for contaminants to be more available for the 
uptake than finer textured materials Coarser grained soil is more permeable allowing 
contaminants to flow through them which increases the surface area in which contaminants can 
adhere to soil particles, as opposed to finer grained particles which are not as permeable and 
have a smaller surface area for contaminants to adhere to. This applies specifically when pH is 
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between five and nine. Anything outside of this range creates different dynamics between 
particles which can affect contaminant mobility and adherence to particles (Government of 
Ontario 1997).   
Formulating a Remedial Work Plan 
 
     Once sampling and analysis is complete, remediation, and step three begins. There are 
different methods of remediating and restoring soil quality based on the contaminants present 
and, more importantly, on the depth of contamination and whether or not the site is connected to 
potable or non-potable drinking water. If the vertical extent of contamination exceeds 1.5 meters, 
there are two approaches to remediation and restoration. The engineers on site can opt for a full-
depth restoration or a stratified restoration. A full-depth restoration requires soil quality to be 
restored vertically and laterally to the fullest extent of the contamination. This restoration is 
uniform and all soil present within the boundaries of contamination must be restored to the same 
concentrations of contaminants. For areas with direct access or ability to affect potable drinking 
water, restoration must be more extensive and concentrations of contaminants must be much 
lower than if the area were in an area of non-potable drinking water. This method is incredibly 
expensive and more difficult to implement. This is why the stratified restoration approach is 
favored. For the stratified approach, the contamination area is divided into two sections, below 
and above 1.5 meters. The subsurface soils that are unable to be ingested or have dermal contact 
require less restoration than surface soils that have the ability to affect human health. This 
staggered approach to restoration allows the subsurface soils to be restored to moderate 
concentrations of contamination saving time and money while the surface soil (above 1.5 meters) 
is restored to minimal concentrations to remove any threat to human health (Government of 
Ontario 1997).  Potable groundwater sources require much less contaminant concentration within 
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soils because it represents an existing or future drinking water source for communities and 
individuals. This source needs to be protected against future threats to contamination and human 
health. Some contaminants express themselves as a vapor which hold the potential to spread 
rapidly and without direct oral or dermal consumption. Non-potable groundwater sources still 
require attention and restoration, but the health threat is significantly less severe. Contaminants 
within non-potable sources may still pose a threat to human health, primarily those that are 
vapors. However, protection against these vapors can be maintained through a less rigorous 
restoration and with much greater concentrations of contaminants. To illustrate how extreme the 
differences are in concentrations between soils that have access to potable drinking water and 
those that do not, Tables 6 & 7 show concentrations of chemicals in each category. These tables 
are a shortened version of those found in the study by the Government of Ontario (1997). There 
is a notable and extreme difference between the two. Looking at the concentrations of 
acenaphthene, in potable groundwater, the concentration must be under 20 ug/g, while in non-
potable groundwater, the concentration must be under 1700 ug/g. With respect to concentrations 
of antimony, in potable groundwater, concentrations must be under 6.0 ug/g while in non-potable 
groundwater, concentrations must be under 16,000 ug/g. This emphasizes the minimal 
concentrations of chemicals it takes to adversely affect potable water, but also how much more 
expensive it would be to restore soil under potable as opposed to non-potable circumstances, 
further proving why stratified restoration is favored.  
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     According to the site assessment from the Government of Ontario, there are multiple 
infractions throughout the restoration process that can cause the site to fail meeting the proper 
criteria (Government of Ontario 1997). Soil post-restoration containing concentrations higher 
Table 6: 
Concentrations 
of chemicals 
allowed in soil 
of nonpotable 
groundwater. 
Source: Table  A 
in Government 
of Ontario 1997. 
Table 7: 
Concentrations 
of Chemicals 
allowed in soil 
of potable 
groundwater. 
Source: Table B 
in Government 
of Ontario 
1997. 
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than the required amount will automatically label the site as “failing” and remediation will have 
to begin again. The same applies to groundwater and surface water concentrations. If those 
concentrations are greater than they should be, by Ontario law, the site will be required to start 
the process anew. Additionally, as per the U.S. Environmental Protection Agency (EPA), cancer 
causing substances can only remain at specific concentrations that result in a risk of excess 
cancer between one in ten-thousand people and one in one-million people (Bartsch and Collaton 
1997). Most states, however, require a maximum risk of one in one-million people getting excess 
cancer. This requirement can also be mandatory through a memorandum of agreement (MOA) 
which is required of some states, like New Jersey, to begin and complete brownfield remediation 
and redevelopment (Bartsch and Collaton 1997). The concentrations vary state by state but if this 
condition isn’t met according to local or national policies, the site must be re-remediated.  
      Remediation techniques can never remove all contaminants all the time which is why even in 
potable groundwater, there are traces of chemicals and contaminants (Page 1997). Consequently, 
one of the most popular remediation techniques used is containment. This technique confines the 
contaminants in order to limit their contact with anything outside the container, which reduces 
risk of exposure, health risks, and any other issues. There are different forms of containment 
depending on preference.  
      On-site containment is one option but it is the least popular and often creates issues due to 
the fear that contamination can still spread from the container on the property. Alternatively, 
developers can excavate the contaminated soil and remove it from the site, bringing it to a secure 
landfill that manages the contamination. These landfills have impermeable synthetic liners and 
high-tech monitoring systems designed to confine contaminants and protect the environment 
from further contamination. Landfills can also mix contaminated soil with cement kiln dust 
34 
 
which solidifies the mixture and better contains it in the landfill. This mixture is then contained 
with the synthetic liner and capped with a steel-enforced concrete cap. Landfills, however, are 
not permanent solutions since a study conducted by the U.S. General Accounting Office showed 
that seventy-four percent of contaminants at landfills leak into groundwater systems (Page 1997). 
Additionally, eighty-four percent of underground storage tanks, which are also used as a form of 
containment on site, have been made with unprotected steel and have rusted and corroded 
(Bartsch and Collaton 1997).  
     Containment is a remediation technique, but it requires no treatment. The most effective 
remediation methods require treatment of the affected soil. Thermal treatments are one of the 
most widely used techniques in the U.S. and involve the incineration of contaminated soil. The 
burning of the soil destroys organic compounds. However, this treatment works very well for soil 
contaminated with organic compounds like phthalates, benzene, chromium, and arsenic. This 
technique is not recommended for soil that contains chlorinated compounds due to possible 
combustion. This method is incredibly efficient with removing almost 99.99%  of contaminants. 
Incineration is also a great method of remediation because of its ability to reduce waste volume 
and its ability to convert hazardous sludge to solids. This technique does, however, require a 
large amount of energy and temperatures between 1,800 and 2,500 degrees Fahrenheit, and burns 
twenty-four hours a day, seven days a week (Page 1997). The incinerator has two combustion 
chambers, the first to separate contaminants from the soil, and the second to burn the separated 
contaminants. On average, a thermal treatment plant can burn up to 235 tons per day depending 
on the size of the contamination (Page 1997). Figure 2 shows the mechanics of a rotary kiln 
incinerator.  
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     For soil contaminated with volatile organic compounds (VOCs), thermal desorption 
treatments are used. This technique uses heat to remove VOCs from the soil and then uses 
condensation to capture VOCs for disposal. This does not burn the contaminants like incineration 
does. This method is most widely used when polychlorinated biphenyls (PCBs) are present 
because these are combustible through thermal treatment and incineration. Using thermal 
desorption, there is no threat of combustion. This method heats the soil to about 400 degrees 
Celsius which vaporizes the VOCs and the moisture. The vaporized VOCs and moisture are then 
put through an extraction system where the VOCs are removed. This technique has been adapted 
into low-thermal desorption which heats the soil and vaporizes the VOCs. But instead of 
extraction, this technique condenses the vapor into a liquid. The liquid is then dechlorinated 
Figure 2: Mechanics of an incinerator for thermal treatment. Source: Page 1997 
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which decreases its toxicity. This liquid is then transported to a hazardous waste landfill (Page 
1997). 
     Extraction is another common method of remediation. This technique involves the removal of 
contaminated soil and water from a site and confining it or treating it. Confinement and/or 
treatment can either occur on the site or at another location. Typically, if confinement is the 
method of choice, the contaminated soil and water are brought to a disposal facility, off-site, that 
is equipped to handle it. Treatment can occur on and off the site. For treatment of contamination 
on-site, the contaminated soil or water must be confined and then treated so as to ensure 
contamination does not spread. The treatment techniques then vary post-extraction based on 
types of contamination, toxicity levels, etc.  
     One example of the remediation of water using extraction  is found at the Valley of the Drums 
Superfund site in Bullitt County, Kentucky (Page 1997). At this site, there was surface water 
contaminated by drums that were illegally dumped into the lagoon. To treat this site, the 
contaminated surface water was collected, extracted, and confined to a lagoon. This lagoon had 
no access to the main water source which flowed into the Wilson Creek and then the Ohio River; 
this lagoon was meant to prevent contamination to these water sources. Treatment of the 
confined contamination consisted of a two-stage filter system. The first filter removed 
particulates from the water using crushed limestone and the second filter removed the remaining 
contaminants using carbon. The remediated water then leaves the lagoon through a pipe and 
enters the Wilson Creek. This two-stage filter system is typically used for surface contamination 
and sites that have liquid wastes in lagoons and other bodies of water.  
     For groundwater contamination, pump and treat techniques are used which is another form of 
extraction. Groundwater is pumped to the surface and contaminants are removed using different 
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techniques depending on the chemicals present and the type of contaminants. For example, if 
volatiles are present, air stripping towers are used. Volatiles are gases that come from the 
burning of gasoline, wood, natural gas, and coal which is common at industrial sites and 
factories. Air stripping is when air is pumped down a well into contaminated groundwater and 
the volatiles are vaporized into the air bubbles. The air bubbles are then pumped out using 
another well. Air stripping typically achieves eighty to ninety percent removal of volatile 
contaminants (Page 1997). This method is illustrated in Figure 3. 
 
To remove toxic substances in groundwater, activate carbon filtration is used. Toxic substances 
can range from volatiles to metal compounds which can be present at all types of sites. For 
organic contaminants in groundwater, ultraviolet or ozone treatments oxidize the contaminants 
and allow them to be removed. For metals in water, precipitation methods are used to remove all 
metal contaminants through solidification. Solidification techniques immobilize contaminants by 
trapping them in a solid matrix (Page 1997). Another remediation technique used is recycling 
Figure 3: Air Stripping of VOCs in Groundwater. Source: Page 1997 
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waste. This is only used in special circumstances such as large industrial sites and factories that 
have high concentrations of a contaminants with marketable value for resale. This technique was 
used at the Eastern Diversified Metals site in Rush Township, Pennsylvania. This site was a wire 
reclamation facility that accumulated 350 million pounds of insulation which was causing 
industrial fires, leaching heavy metals and contaminants into the soil and water, and releasing 
harmful air pollutants. Recycling, in this case, was cost-effective and efficient (Page 1997). The 
recycling technique has two primary methods: bulk processing and sink float processing. Bulk 
processing converts waste to a solid mass using heat and pressure which are then used to 
manufacture large objects such as cones, fenders, and barriers. Sink float processing adds the 
waste to a container filled with water to allow less dense items to float, like plastics, and more 
dense items, like soil and metal, to sink. The separated items become raw materials for 
manufacturing goods. Page (1997) notes that recycling removes between sixty and ninety-five 
percent of the waste volume at sites.  
      Another major remediation technique is the use of microbial bacteria, which is known as 
bioremediation (Page 1997). Bioremediation can be used in two ways: when contaminated soil 
and water has been extracted, or in the soil or water without extraction, which is called in situ 
bioremediation. This technique uses natural processes, organisms, and plants to degrade and 
decrease contaminants within soil and water. This technique maximizes the rate of degradation 
by manipulating the number of biological organisms within the system to remove contaminants 
at the site. Plants can accumulate contaminants in their biomass, degrade the compound, and 
allow other microbes to attach to their roots and degrade the contaminant. Microorganisms, 
which can be naturally occurring in the environment or which can be introduced intentionally, 
degrade contaminants to nontoxic compounds as long as oxygen, nitrogen, and phosphorus are 
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present in sufficient concentrations. Bioremediation can be coupled with other methods of 
remediation to maximize remediation efforts. Bioventing is a technique which pumps oxygen 
into the soil to maximize and enhance natural biodegradation of compounds by microorganisms. 
Passive remediation is the process of strictly relying on natural processes, with no outside 
interference. This often takes a long time and is not preferred. Bioremediation is cost effective 
compared to the other remediation techniques. It is a natural process that requires little to no 
outside intervention and in situ remediation requires no excavation or major construction projects 
which makes it a favored alternative for many communities. It is estimated that bioremediation 
costs range from one-quarter to one-half of the other remediation techniques (Page 1997). Figure 
4 shows the mechanics of bioremediation.  
 
 
     It is important to recognize that there are many different types of remediation techniques and 
that each one is valuable for specific circumstances, as discussed above. These techniques have 
become increasingly popular across the United States, specifically at Superfund locations run by 
the EPA. These sites are where statistical data has been the most consistent on brownfields in the 
Figure 4: The Mechanics of Bioremediation. Source: Page 1997 
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U.S. and they show trends in the use of specific techniques for remediation. Table 8 reports data 
from 1986-1994 that shows the increasing use of remediation techniques. Specifically, 
extraction, thermal desorption, and bioremediation are the most popular techniques among these 
sites. This is due to these methods being more cost-effective (specifically extraction and 
bioremediation), and more efficient (Page 1997). This study helps conclude that remediation 
technologies are first, growing in popularity, and second, they are being effective and efficient in 
remediating brownfield sites.  
 
 
Finalizing Paperwork and Updating Information 
 
     With the completion of remediation, step four begins. The fourth step in this process involves 
completing the paperwork for the site’s records, and the local and national government’s records. 
This paperwork is especially important since contamination can affect the certificate of 
occupancy on residential properties, affect issues related to property taxes, and the ability to 
legally operate businesses on the site (Government of Ontario 1997). As for local government, it 
is important to update all documents so that current and future community members are aware 
that there is no longer a threat to public health which can assist with community revitalization. 
Table 8: Remediation Techniques Used at Superfund Sites 1996-1994. Page 1997 
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Paperwork for national government organizations such as the EPA and the US Department of 
Energy allows for consistency among projects and produces a record of brownfield remediation 
projects across the country so that progress can be measured over the years. Once remediation is 
complete, the redevelopment process begins. The next section of this thesis discusses the post-
remediation and redevelopment phases. 
Post-Remediation and Redevelopment 
 
     The redevelopment phase can be just as trying and tedious as remediation. Often enough, this 
phase is associated with miscommunication and lack of transparency within communities, and 
environmental gentrification and inequity among people of color. Updated policy and local 
government intervention can help this process since it can allow for new regulations to prevent 
gentrification and displacement and allow for required communication with community members 
to ensure proper information is being received. The redevelopment phase also gives way to a 
detailed analysis of the benefits of remediation and redevelopment in communities which is 
necessary to stimulate other projects in affected communities. As discussed in the introduction, 
community members are disproportionately affected by brownfields in more ways than one and 
policy can have a large impact on communities being affected by brownfields and help alleviate 
economic and racial inequities that occur in these areas.  
     As brownfields have become more prominent in mainstream media, and more communities 
have been speaking out about the effects of brownfields that they have experienced, many 
different policies have been put into effect as an attempt to revitalize remediation efforts. In New 
York State, there is currently a plan to clean up 750 brownfield sites over a four-year period 
through various new brownfield programs (City of New York 2015). Among these sites, 375 are 
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specifically in low-income communities. These projects are estimated to generate $14 billion in 
private investment and create 5,000 affordable housing units for low-income families. This 
project is under New York’s new Land Cleanup and Revitalization Initiative (LCRI) which 
consists of the NYC Voluntary Cleanup Program (NYC VCP) and thirty other initiatives (City of 
New York 2015). Each site remediated under this initiative will be certified through the NY 
Green Property Certification Program which gives the site formal recognition through the state 
that it has been properly restored and remediated. 
      The City has launched an Environmental Project Information Center (EPIC) as a web 
application that processes and streamlines all brownfield projects currently underway and allows 
communities to check on the status of their brownfield site. This program really changes the 
playing field in terms of public communication and transparency. The site offers three avenues 
of information which include finding local organizations working on brownfield sites, finding 
cleanup projects in given areas, and the environmental data on neighborhoods and specific 
brownfield sites. This application encourages volunteerism and community involvement in the 
brownfield remediation and redevelopment project. To support these various programs, New 
York City has encouraged the New York State legislature to pass the State Brownfield Cleanup 
Program (State BCP), which provides tax credits for affordable housing, and lowers the costs of 
cleanups by providing tax and fee exemptions and absorbing some of the cleanup costs. These 
incentives provide more interest in the NYC VCP and brownfield initiatives in New York. There 
are also NYC Brownfield Incentive Grants which are given out to promote brownfield 
remediation projects and alleviate some of the financial burdens. Community based 
organizations and developers can also now use the Financial Assistance Search Tool web 
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application to find grants and loans for brownfield remediation funding (City of New York 
2015).  
     In Germany, the city of Leipzig has developed a unique program to revitalize neighborhoods 
and incentivize brownfield remediation and redevelopment projects (Rall and Haase 2011). The 
city implemented a program called “interim use” after eastern Germany lost between ten and 
twenty percent of its population and there was a massive spike in industrial blight. Interim use 
allows private ownership of the blighted land without having to pay any taxes (property and 
income), as long as individuals maintain the property. Germany used this program after the 
Second World War ended to revitalize communities and it worked very well. Leipzig has 
targeted communities with low rates of economic development, high rates of vacancy, high 
unemployment, and majority immigrant communities. The city implemented interim use to 
create more green spaces and in their first endeavor created a greenway connecting two 
neighborhoods that were suffering from poverty and vacancy. The Leipzig government wanted 
to create “more green, less density, greater individuality” with the interim use initiative (Rall and 
Haase 2011). The study showed the strengths, weaknesses, opportunities, and threats of interim 
use in cities in Germany (see Figure 5). The strengths and opportunities of interim use are 
important when considering interim use for a community, state, or country. Weaknesses and 
threats of this project are necessary to consider when implementing “interim use” because if the 
negatives outweigh the positives for a community, this technique will not beneficial. Some of the 
important strengths are encouraged community participation, and environmental and social 
issues improved meaning contamination was resolved and communities suffered less from 
economic effects of brownfields. Opportunities included possibility for community partnerships 
with private corporations which allows for more open communication between these two parties 
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as well as financial stability for communities. Important weaknesses to consider are lack of 
communication and effective contamination resolution. Threats that are important to consider are 
lack of infinite funds which can halt any progress being made at these sites. Interim use has a lot 
of potential for brownfield redevelopment projects and with more attention can truly be a great 
resource for German cities (Rall and Haase 2011).  
 
     A study conducted in Toronto shows how different policies and programs, if they were 
implemented, would change the costs of brownfield remediation and redevlopment projects (De 
Sousa 2000). This study shows that with policy reform and proper government involvement, the 
costs of brownfield remediation and redevelopment projects can be reduced and more 
Figure 5: The strengths, weaknesses, opportunities, and threats of interim use in Germany. Source: Rall and 
Haase 2011. 
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stakeholders can be incentivized to take action at these locations. De Sousa shows that greenfield 
redevelopment, which has a shortened development period, can be much cheaper than the 
average redevelopment plan associated with an industrial or residential complex. Greenfield 
redevelopment can provide up to a seventeen percent return and almost $18 million Canadian 
dollars in savings for developers and contractors which is very significant. Greenfields are 
brownfield sites that are remediated and turned into green spaces such as parks, conservation 
projects, and other spaces that are filled with natural fauna and natural recreation activities. This 
allows for a significantly less costly project because construction does not have to occur post-
remediation and the project allows more community stimulation and revitalization. Studies have 
shown that the conversion of brownfields into public green spaces for communities help 
community members become healthier, happier, and more invested in their community (De 
Sousa 2000). Finance rates also significantly affect cost and return. Lowering finance rates can 
result in an almost twenty percent return rate and can save approximately eighteen million 
dollars (De Sousa 2000). This study most importantly demonstrates the potential effect 
government involvement and incentives can have on brownfield projects.    
      The United States government has implemented and experimented with many variations of 
incentives to stimulate brownfield remediation and redevelopment projects. Some of those 
include, but are not limited to, reducing the lender’s risk when contractors need to take out loans 
for these projects, reducing the borrower’s cost of financing, and easing the developer’s financial 
situation by proving tax credits and abatements (Bartsch and Collaton 1997). Similarly, some 
states have passed legislative action that support brownfield projects and attempt to ease the 
barriers that communities, developers, and contractors face. Pennsylvania has established a fund 
that is linked to their voluntary cleanup program which adds up to roughly $2 million a year to 
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use for brownfield sites in distressed communities. Illinois has been offering businesses a 
twenty-five percent income tax credit to counteract the costs of remediation. Ohio businesses 
qualify for a ten-year state tax abatement for the improvement of a brownfield site and they have 
low interest loans available to investors. Connecticut has set up a Special Contamination and 
Rehabilitation fund to help stimulate brownfield revitalization projects. New Jersey is focusing 
on hazardous waste and brownfield sites and have implemented pension bonds and tax rebates. 
Minnesota has created a Contaminated Site Cleanup and Development Fund which prioritizes 
sites with social value at risk and provides financial assistance with the cleanup costs (Bartsch 
and Collaton 1997). Many other states have developed programs such as these, all in an attempt 
to revitalize brownfield remediation projects and jumpstart community improvement. These 
incentives are important to encourage stakeholders and developers to get involved in these 
projects. Brownfield sites hold endless possibilities for economic growth and community 
development, and are associated with many other benefits (Page 1997). 
     There are many benefits of brownfield remediation and redevelopment. These projects can 
revitalize impoverished areas, promote smart and green development, mitigate environmental 
racism and gentrification, reduce public health risks, and spur economic growth. One study 
suggests that brownfield remediation and redevelopment in 148 U.S. cities can generate over 
576,000 jobs, and as much as $1.9 billion dollars in revenue (Wedding and Brown 2007). De 
Sousa (2003) mentions that brownfield remediation projects stimulate ecological rehabilitation, 
preserve historically significant communities and spaces, and reduce economic blight while 
stimulating the economy. The benefits of converting brownfields into green spaces also have a 
plethora of benefits including restoration of habitat, environmental renewal, flood control and 
prevention using vegetation as a drainage source, improvement of neighborhood aesthetics, and 
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enhancement of sense of community and pride (De Sousa 2003). Green spaces can filter and 
remove air pollution, reduce noise from urban areas, lower temperatures, make neighborhoods 
more desirable, and reduce health risks (Wolch et al. 2014). In a study conducted in Hangzhou, 
China,  green spaces development lowered urban temperatures between four and six degrees 
Celsius (Wolch et al. 2014).  Trees and vegetation are able to remove gaseous contaminants from 
the air through uptake in leaf stomata. In one study, it was estimated that per unit of tree cover, 
$60 million was saved that would have been needed to remove the same pollutants that the trees 
and vegetation did (Nowak et al. 2006). Lack of park access has been linked to high rates of 
mortality, childhood obesity, and chronic illnesses. Green spaces encourage physical activity 
which reduces stress and obesity. Children with more accesses to parks suffer significantly less 
from disorders such as ADD (attention deficit disorder) and are less inclined to have behavioral 
issues (Wolch et al. 2014). Some other benefits of remediation and redevelopment projects are 
community pride and the attraction of private, government, and nonprofit investments in 
communities to further stimulate the economy (Greenberg et al. 1998). There are many benefits 
to brownfield remediation and redevelopment projects and they should be incentivized and 
encouraged so as to stimulate economies, to encourage community development, and to protect 
public health.  
Conclusion 
 
     There are over 600,000 brownfield sites in the U.S. alone, affecting thousands upon thousands 
of individuals and communities. This thesis has explored the many processes and steps that are 
necessary to successfully and justly remediate and redevelop brownfields in communities in the 
United States and elsewhere in the world. Remediation and redevelopment of brownfields is a 
complex multi-step process with a lot of room for error as we have seen throughout this thesis. 
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The primary objective of this thesis was to identify and articulate a comprehensive accounting of 
the processes and steps required for successful and just remediation and redevelopment projects 
in order to improve conditions in blighted communities and enhance the welfare of the people 
who live in them. Communities are suffering from vacancy issues, falling economic standards, 
rising crime rates, higher rates of death and disease, and environmental racism. Brownfields 
disproportionately affect lower income, less educated, and minority communities. It is incredibly 
important to recognize and acknowledge the effect that brownfields have on communities, 
especially those of color. Brownfields pose dangerous health risks to individuals living in these 
areas. There are many barriers preventing brownfield remediation and redevelopment projects. 
Some of the barriers discussed were lack of funding, lack of community engagement and/or 
approval, lack of accountability, lack of economic stakeholders, fear of displacement within 
communities, and lack of policy and government support. These barriers have often crippled 
projects and have allowed brownfields to spread and grow throughout the country and the world. 
These barriers can be avoided if local government intervenes and if policy is created to stimulate 
brownfield remediation and redevelopment projects. 
     Once the many barriers have been overcome for the project, technical remediation begins 
which is a multi-step process and is often very tedious. This process must be tailored to each site 
and its present contaminants and depth of contamination. Remediation has many benefits of 
which include reduced risk of death and disease, rising economic standards, and revitalization of 
community. Policy is a important influencing factor and can help alleviate a majority of the 
barriers and issues that arise in brownfield remediation and redevelopment projects. There are 
many countries and states experimenting with different policy measures to help stimulate 
brownfield remediation projects.  
49 
 
     Based on the research accumulated, discussed, and analyzed, there are a few suggestions that 
can be made to stimulate the revitalization of communities and increase the number of successful 
remediation and redevelopment projects in the U.S. First, the U.S. national government should 
create universal guidelines for remediation and set a uniform standard for contamination 
concentration so all communities are equally protected against environmental hazards. A 
universal standard will allow for less confusion and tedious research necessary prior to 
remediation. Second, grant programs should be implemented at a local level and preference be 
given to low-income and minority communities with a clause that protects from environmental 
gentrification and displacement. This program will allow for priority to be given to 
disadvantaged communities that have been suffering from  the effects of brownfields. Grants will 
allow for a stable source of income to support community brownfield projects as well as with the 
said clause, remove the possibility of gentrification and displacement, protecting people of color. 
Third, there should be a national brownfield remediation and redevelopment fund that 
incentivizes contractors and developers to get involved in contaminated properties by offering 
property and income tax breaks as well as remediation cost abatements. These adjustments will 
allow for a more consistent and well organized system of information for these projects as well 
as will incentivize involvement without the threat of displacement and gentrification, ensuring 
the integrity of communities as well as ensure the financial stability of the project till it 
commences. Fourth, redevelopment plans should include the recommendation and 
incentivization of the use of green infrastructure and environmentally conscious energy systems 
which can help communities alleviate costs of development, and maintenance of these new 
buildings. Green infrastructure and environmentally conscious energy systems will allow for 
communities to save on future maintenance costs and energy bills, furthering the economic 
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stability of community members post remediation and redevelopment. Sustainable education and 
awareness campaigns are also necessary so that contamination does not occur in the future and 
so that communities are well educated and versed in environmental hazards and the threat that 
contamination is to communities. Sustainable education can be easily integrated in communities 
and can have a large impact so that the future of their communities are protected against 
brownfields and environmental hazards. 
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